The right choice of the method of organizational analysis to use is a key factor in the process of requirements analysis and specification of an information system. Although a high number of approaches of organizational analysis exist, the choice of the most appropriate option for each concrete case will influence the quality of the results obtained in the analysis of requirements and consequent specification. This paper presents a new way for organizational analysis to improve the quality of the requirements of systems that support information management and where collaboration is an important aspect. This is achieved through the application of the social network analysis approach, applied to refine, classify and prioritize the requirements for collaboration and information management in an organization. The paper begins by analysing shortly content management systems and wiki systems as IT platforms for collaboration and information management. After having described the method, a practical case of application of SNetCol method to an R&D institution is presented. The paper finishes by presenting the results of the evaluation of the two particular technological options considered for satisfying the specified requirements are described. r
Introduction
Obtaining pertinent, consistent and up-to-date information across a company is a complex process. For this reason, corporations have been seeking to develop a number of information technology systems to assist with the information management of their business processes. Such systems aim to improve the way in which information is gathered, managed, distributed, and presented to people in key business functions and operations, in other words, these systems aim to improve the collaboration and information management (Liang & Huang, 2002) .
A system to support collaboration and information management (ColIM) should be able to offer to the institution, similar to the concept of corporate portals defined in (Detlor, 2000) , a shared information work space; a communication space to negotiate collective interpretations and shared meanings; and a coordination information management system is that it supports efficiently both structured and unstructured collaboration/ information. To specify a ColIM system for R&D institutions that, besides the fundamental requirement also facilitates social aspects of group formation, team collaboration and the exchange of information among groups two categories of systems were studied: content management systems and wiki systems.
The option for these systems as instruments of collaboration and information management in R&D institutions was motivated by a set of characteristics that they present: (1) The flexibility presented by these type of systems that is one of the key points to be considered in the development of collaborative systems; (2) Easy adaptation to the user style (easy personalization), that it guarantees a good acceptance of the system by these; (3) Capacity and execution facility of evolutionary modifications given the number of people dedicated to the development of such systems; (4) Easy integration of new modules or functionalities in agreement with the needs of each user; (5) The fact of offering predefined structures for the logic of the system that it reduces the time of development; (6) The fact of supporting unstructured and structured collaboration; (7) Gather a set of collaborative functionalities and at the same time allow the efficient information and knowledge management; (8) High number of plug-ins, add-ons and new products that are available frequently, that allow to increase or to improve whenever necessary, the functionalities offered; (9) Easy edition, actualization and share of contents; (10) The ability to construct shared spaces to store documents, to exchange information and to work collaboratively in the execution of the various projects; (11) Allow the construction of an information and knowledge base in the organization; (12) Supply to the project teams or groups of the organization an online shared space to store documents; to exchange information and to work collaboratively; (13) The simplicity to use these systems enables a more easier sharing of ideas; (14) Fast and simple actualization of the published information; (15) The diversified range of applications already implemented, in such different areas, using these two types of IT solutions.
Content management systems
A content management system (CMS) is a system that supports the creation, administration, distribution, publication and collection of information. CMS Watch define a CMS as a group of business rules and editorial processes applied to contents by people and organizations to align efforts of online publication with the business goals (Byrne, 2004) . The CMS is also known as ''web content management systems'' (WCMS), being these the more popularized, and being focused mainly in the on-line contents of the external pages and intranets in an organization. A CMS can be defined as a tool that offers a variety of techniques to create, to edit, to manage and to publish contents (in several formats), with a centralized set of rules, processes and workflows that assure electronic contents coherent and validated. These systems collect the whole cycle of life of the pages of the sites (external and internal) of the organization, supplying simple tools for creation of contents, publication and archive, allows the administration of the site (internal and external) structure, published pages appearance and navigation supplied to the users (Robertson, 2003) . Typically, it is used to facilitate the information administration online. A CMS can also be used as a document management system, besides being an effective means for on-line collaboration and content creation. A characteristic particularly interesting of CMS is the fact that they allow publishing new and updated information frequently.
Wiki systems
Although not known as content management systems, wiki systems are another approach to publish on-line information and a different way to collaborate. They can be characterized as ''ultra-lightweight'' content management systems (Mattison, 2003) . Wikis are used for a diversified number of applications: some as databases for research and writing, as personal information manager, as collaborative tool between teams to create and maintain documents that need to be updated frequently, etc. Wikis can be used for almost everything, because of their flexible structure. Sauer et al. (2005) , view wikis as a method for knowledge management and refer to a collaborative hypermedium that allows for continuous communication within a research team and the constant evolution of content. Ward Cunningham and Bo Leuf, in the book ''The Wiki Way'', define wiki as ''a freely expandable collection of interlinked Web 'pages,' a hypertext system for storing and modifying information -a database,
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where each page is easily editable by any user with a forms-capable Web browser client'' (Mattison, 2003) . (Neus & Scherf, 2005) , define the wikis as web content management systems that allow collaborative creation, connection and edition of contents. The original concept of wiki does not impose any controls on who can create and edit pages. Like this, it allows the actualization and growth of contents continuously, and does not impose any restriction encouraging multiple people to add content in a single page (Robertson, 2004) . A wiki is a web site in which any one can put material and quickly do alterations without using complicated commands (Hof, 2004) . This is the concept that created wikipedia, free on-line encyclopedia, where any one can put information. However, actually these technologies allow controlling who can create, visualize and edit pages, contrarily to the initial concept of wiki. This control becomes extremely important in certain applications. Like this, a wiki is a server-based collaborative tool that allows the any authorized user to edit pages and create new pages without learning any programming language (Chawner & Lewis, 2004) . Table 1 presents, in a synthesized way, some particular characteristics of each one of the approached solutions that allows to show some of the main existent differences among these systems, basing essentially on the following works (Robertson, 2003; ARES, 2005; Byrne, 2004; Curran, Doherty, & Power, 2004; Wei et al., 2005; Bean & Hott, 2005; Lachkovies et al., 2004; Skiba, 2004; Robertson, 2004) .
Although these two types of systems possess appropriate characteristics for systems ColIM, only after the analysis phase and specification of requirements we will be in a condition to evaluate the applicability of these types of systems in full detail as solutions for ColIM. The correct evaluation of the answer of each one of the solutions as systems of ColIM depends directly on the results of the phase of analysis. Like this, the choice of the more appropriate method for organizational analysis is a key factor in the success of this process, because it influences largely the quality of the results obtained in the analysis of requirements and consequently the results of the evaluation of different solutions as systems for ColIM. In the following section is presented the method used for organizational analysis, SNetCol method.
3. Improving the requirements for collaborative information management by using SNA
Organizational analysis and the specification of collaboration requirements
The organizational analysis for specification of collaborative systems can be accomplished in several ways. A possible approach, referred by Davies et al. (2001) , is the analysis of the information flow. Through the use of questionnaires and interviews, the authors analyse as the people receive, organize, create and structure the information in a personal and group perspectives aiming at discovering the different ways of coordination and exchange of information. According to these, the study also allowed to identify the causes and consequences of failures of the information flow that would focus the attention of the users' requirements and in the functional specifications related with project of the system. With the data collected through the questionnaires and interviews, information flow maps are drawn, in order to understand better the space and the range of the interactions among the employees of the different departments (Davies et al., 2001) . (Pinelle & Gutwin, 2000) , explore the tendencies and techniques of groupware evaluation based on 45 papers presented in the conferences of ACM and CSCW, concluding that the existent methods do not answer to the needs of groupware evaluation. These authors propose a method to analyse and to specify group tasks. This method allows the specification of scenarios of collaboration and tasks, considering the mechanisms of collaboration (explicit communication, implicit communication, coordination of actions, planning, monitorization, assistance and protection), union levels during the accomplishment of the tasks and variability in the tasks execution, unlike the methods analysed that are focused in the mechanisms of collaboration, without worring about the context in which such systems are used. DiMicco (2004) presents an approach for construction of collaboration tools, based on the observation and search of the existent problems inside the group relatively the collaboration and then to build technologies that answer those problems. For evaluation of the collaborative technology, efectivity uses methods existent in the field of the social psychology.
In this work, the methodology of SNA is used to make the organizational analysis for requirements specification of collaborative systems. The exploration of the social networks is described for (Hanneman, 2001) as essential to find the collaborators capable to help in the problems resolution and to increase the collaboration among individuals.
Social networks approaches in organizational analysis
In any process of information system development, the phase of requirements analysis and specification is fundamental for the success of the system in development meaning that, the right choice of the methods of organizational analysis to use is a key factor in this process. Although some authors do not consider organizational analysis as formally making part of the requirements engineering process (Sutcliffe, 2002) , it can be argued that at least for information systems strongly supporting collaborative processes the identification and analysis of requirements is naturally intertwined with the analysis of several aspects such as tasks interaction, work practices and business processes. To analyse the collaborative dimension of those In wiki systems all collaborators have writing and edition permissions in the shared space (this is the philosophy of the wikis, although actually can be implemented with access and edition access, just as in the CMS). This increases the use facility and it turns all members of the teams active/productive participants. This facility or collaboration can turn this systems a powerful tool for project management and collaborative writing.
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A CMS supplies powerful methods for information search, navigation and filtering capable to allow the users to find the correct information in correct time, in other words, the information that need and when need. The metadata can help in this process. A CMS simplifies the capture and metadata manipulation.
The use of the wikis seems to encourage the free flow of information between participants and the voluntary contribution of all with additional knowledge/information. Although any users can remove the work of other, this rarely happens.
They improve the precision and quality of information shared inside of the organization: a CMS allows make available on-line information updated, consistent and the high quality.
Wikis can be useful as shared social spaces among members of teams that work remotely. As it is easy to edit a wikipage, it is simple for the members of several teams create your homepage. Theses homepages increase the social presence and they can be considered as a valuable tool for communities construction.
Reduces the duplication of information: whenever possible the information should be stored a single time and reused whenever necessary. A CMS facilitates the content reuse.
Wikis have de advantage of allowing the exchange of ideas in small project teams and to promote the discussion. Some authors make the analogy of the wikis with a white screen, supplying potential for a more creative environment and knowledge expansion in projects management.
Supplying an interface easy to use for creation/edition of new contents (WYSWIG interface), a CMS can remove many of the barriers to disseminate information in the organization.
Although it supplies an interface easy to use for creation/edition of contents, the wikis request that the users learn a syntax to maximize the use of the formatting functionalities.
Allows decentralized contribution without losing the control of the centralized process, through centralized workflow processes, rules and approval processes.
The revolutionary idea of the wikis, one of the main advantages, is that the users they can make alterations in the contents without passing for an administrator bottleneck or revision board. The quality control is done maintaining a historic of versions and allowing old versions to be reestablished case the subsequent version is not considered the best.
Through the workflow processes, rules and approval processes, a CMS can to supply an effective audit trail that allows production with responsibility and assures a content flow controlled around of the internal processes.
In the wikis, the quality of the audit trail depends a lot on the software wiki used.
A CMS improves the publication processes and supplies larger transparency and responsibility in the contents publication on the part of their producers or in agreement with the defined approval flow, once ad hoc publication processes impede the effective management and control.
Wikis supply an excellent way to annotate evolutions in the projects.
aspects, an approach that highlights this dimension is needed. As the analysis of the existing informal networks offers important insights that allow the analyst to present a set of recommendations (requirements), that can improve the collaboration, communication and information flow in the organization. Social network analysis enables to visualize and understand the relationships that facilitate or hinder the collaboration and sharing of information and knowledge in an organization. It is also possible to identify groups of individuals that carry out central roles, isolated groups or individuals, to detect information ''bottlenecks'', to identify opportunities for improvement of the flow of information and knowledge, to improve the effectiveness of the formal communication channels, to increase the importance of the informal networks.
The process of social network analysis involves typically the use of questionnaires, interviews and observation as instruments to collect data about the relationships between defined groups or networks (Barbedo, 2003; Garton, Haythornth, & Wellman, 1997; Groth, 2003; Palau, Montaner, & Lo´pez, 2004) . Other methods of data collection can be used as, for instance, data collected through administrative information, such as e-mail groups, group notification systems and organizational information. A vast range of measures of social network analysis exists. However, their use depends on the analysis context, being that some of the measures drive to similar results. In this study the following measures were selected: density, geodesic distance and diameter, maximum flow, degree centrality, closeness centrality, betweenness centrality and, for the subgroups identification, the use of the n-cliques concept. Through a careful study of the several measures of social network analysis existent and the results that each one of them allows to obtain, the measures presented, according to our perspective, are the most appropriate for the evaluation of the defined collaboration criteria (see Table 7 , annex 1).
Overview of the SNetCol method
As elaborated in Section 3.2, the SNA methodology allows to identify and understand the set of relationships that facilitate or hinder the transfer of information and knowledge in the organization in study. According (Anklam, 2005) , that refers SNA as ''organizational X-ray'', this can be considered as a diagnostic and planning tool to increase the collaboration and consequently the information flow in the organization. Considering these reflections an approach to organizational analysis for collaborative information management requirements elicitation was developed. The main phases of the method are as follows:
(1) Selection of a set of fundamental criteria to evaluate collaboration in an organizational context (collaboration criteria), departing from the model of collaboration 3C (mentioned in Section 1). (2) Selection of a subset of SNA measures that are likely to indicate the degree of collaboration in the organization. (3) Establishment of a relationship set between the measures of SNA and the collaboration criteria. This relationship was first established as a hypothesis, then validated in an action-research based cycle. (4) Identification and specification of a set of general requirements for collaboration and for the content management system. These generic requirements are to be compiled from the professional and academic literature on CMS implementation. Eventually some adaptation to the particular context of the organization can be needed. (5) Establishment of a relationship set between the relationships established in (3) and the generic requirements. Again, this was made first as a hypothesis formulation, then validated in an action-research based cycle. (6) Data collection for the SNA analysis. (7) Calculation of the defined measures, using a SNA software. (8) Analysis of the calculated values evaluating the collaboration criteria in detail. In other words, to accomplish the evaluation of the structural collaboration potential in the institution, through the instantiation of the relationships between SNA measures and collaboration criteria. (9) Analysis of the results obtained in (8) using them in determining the details and importance of the general collaborative and CMS requirements.
The first five steps form, the common basis for the application of the methodology. A third step may be included depending on the degree of customization required for the methodology, and it can be used with minimum customization ''right from the box'' if the collaborative and information management requirements of the organization fall in a general case.
The ontology of the SNetCol method is represented in Fig. 1 and the workflow in Fig. 2 .
Social network measures and collaboration criteria
Considering the 3C collaboration model referred in Section 1 and the results that can be collected through SNA, the following table presents a set of collaboration criteria (CC), based essentially in Wellman (1997) ; Wurst, Hoegl, and Gemuenden (2001) ; Detlor (2000) , that allows us to evaluate the conditions of collaboration in an organization and their connection with the measures of social network analysis treated in the previous section. Table 2 presents some examples of the results of the application of phases 1-3 of the SNetCol method (see Fig. 2 ).
The following table shows some examples of the group of identified requirements for collaboration and for the content management system and some examples of the relationship between the collaboration criteria presented in Table 2 and the generic requirements. The results presented correspond to the application of phases 4 and 5 of the SNetCol method (see Fig. 2 ).
The chosen requirements as example can support other collaboration criteria besides introducing them in the previous section (Table 3) .
Further on, in Table 5 , these are classified in terms of importance degree. The importance degree allocated to each requirement depends directly of the number of collaboration criteria that supports and the results obtained in the evaluation of each one of the criteria.
The case of an R&D systems engineering institute

The organizational setting
This study was accomplished in an R&D institution, an interface institution between the academic world and the business world of the industry and the services, as well as the public administration, in the scope of the information technologies, telecommunications and electronic, being devoted to scientific research activities and technological development, technology transfer, consultancy and advanced formation. This study consisted in the requirements identification for the implementation of a collaborative information system based in the analysis of the current collaborative network of this institution. It considered the current means for collaboration, these being essentially the e-mail, phone and personal contact. The chosen working case was one of the institute departments, whose competencies areas include topics in the domain of the operations management and information systems, applied to industrial companies and business cooperation networks. At level of operations management it includes intra and inter-companies operations management, project and optimization of production models, planning, production scheduling and control, logistics interns and perform monitorization and evaluation. The area of information systems includes requirements engineering, design and development of innovative systems, information systems planning and project management. This department also has a vast experience in the area of the integration of industrial systems and consultancy, namely in industrial organization and business information systems, design project elaboration and management, technological audits, benchmarking, technology transfer and formation.
Collaborative network analysis
Data collection was basically done through questionnaires and observation (corresponds to phase 6 of the SNetCol method, see Fig. 2 ). From the 50 collaborators making part of the department, 32 answered to the questionnaire. The collected data was analysed using NETMINER 2.5.
The answers were validated by the authors by observation. This task was facilitated by the fact that the authors belong to this department. Members with relevant roles have been given a special care to answer to the questionnaire. The calculation of the several measures was made considering the directed connections and attributing weights to each connection. For a collaborator that responses that it interacts daily with another is considered a connection with weight 3, if weekly interaction weight 2, if monthly interaction weight 1 and if interaction does not exist, the weight is zero. So, a larger weight is attributed to the most frequent interactions. The centrality measures allow identifying the position in that the actors are in the network in relation to the communication and exchanges of information. They measure the number of walks of communication that go by each node.) Actors with high values of centrality are actors with potential easy access to the information that circulates in the network. However, the easy access and sharing of information should not just depend on the individuals' position in the network, but also of the access and sharing rules imposed by the institution in study, so that these rules are accomplished is essential the existence high coordination among individual contributions, even to reduce the duplication of the shared information and for us to maintain well structured in way to facilitate your access. The easy access to the information depends directly of the existent coordination among the information shared already in the system and the new information that intend to make available. For us to guarantee the share in coordinated way of the information inside of the institution it is important the definition of rules and procedures that allow to maintain the control on the flow of information in the institution. The density and centrality measures allows to evaluate the current conditions of access and sharing of information and will be the starting point for the definition of the rules of access and sharing of information in the institution.
Communication Capacity to establish contact inside teams and among teams (CC1)
Density of the global network+density of each identified group
If the density of the network or sub-network (group) is low, it means that the analyzed network is restrictive when the actors have to establish relationships with other actors. If the density is high, it means that the relationship among actors can settle down easily.
Cooperation Support in the realization of tasks in group (CC7)
Closeness centrality+geodesic distance
The closeness centrality measures the number of steps that an actor should undertake to enter in contact with other in the network. The more central an actor goes, closer it is of other actors and more quickly he can enter in contact and to interact with other. It is a measure of the autonomy and interdependence of the actors, relatively to the control exercised by other. Like this, actors with high closeness centrality have larger facility to obtain support for accomplishment of tasks, problems resolution and ideas generation. The ideal will be a highly connected network, in other words, with high density values and therefore values of geodesic distances reduced among all pairs of actors and values very similar of closeness for all actors. The along with this criterion allows to identify the actors that are in more advantageous positions to obtain support in the accomplishment of tasks, in the generation of ideas and problems resolution.
Support in the ideas generation and problems resolution at organizational level and group (CC8)
Results of the social network analysis
The results of the analysis of the collaborative network of RDI-OU are presented in detail in Annex 3, these results correspond to the application of the phase 7 of the method (see Fig. 2 ). Considering the values obtained for the several measures of SNA used, main conclusions can be presented: (1) Reduced capacity to establish contacts at global level (given that of the total of 2450 potential relationships, 262 effective connections exist, which leads to reduced values of density); (2) Are the old collaborators in the institution and that execute roles of high importance, such as, responsible of area and responsible of project, the nodes that represent essential roles in the communication capacity and transmission of resources in the network (this conclusion is the result of the analysis of the cutpoint nodes and disconnection lines (bridges)); (3) Are the actors that execute roles of high importance inside of the unit, SIAC and RUPA (unit coordinators), the actors with higher number of alternative walks to establish contacts among the others actors in the network, these are actors recognized as more influential and with larger flexibility of negotiation (this conclusion is based on the values obtained for the maximum flow); (4) The values obtained for several centrality measures allow us to conclude that the most central actors in the network in study are the unit coordinators, usually oscillating the largest values of the centrality measures among these two actors, being these the actors with larger facility of access to the information and communication, as well as the actors with larger autonomy, larger capacity to control the flow of information and communication in the network and the mainly responsible for the share of the information that circulates in the network. However, the obtained results show that neither of the most central actors have close values of the absolute centrality (1), being until relatively moved away; (5) although in any institution the existence of subgroups is always a reality, in R&D institutions, given your structure team based, Table 3 Collaboration criteria versus generic requirements
Requirements
Collaboration criteria R2. The system should make possible the collaborators search. CC1 and CC6 (facility of location of potentials collaborators, for problem resolution, accomplishment of a task or teams constitution.).
R2.1. It should be possible the search of collaborators by name, projects, interest areas, actuation areas, function, activities that accomplishes in the organization, competences and accomplished works.
R5. The system should make available a mechanism of powerful and flexible of search.
CC2 (capacity of rapid dissemination of information at organizational and teams levels.); CC3 (facility of information organization and structuring at organizational level and group.), CC4 (capacity to maintain updated all the collaborators about the projects of the institution); CC5 and CC8.
R5.1. The system should allow the search of information for metadata, project name, project type, title of the documents, description, creation date, state, content type and author. R5.2. The system should assure that whenever a content is created or stored in the system is associated this a set of metadata.
R7. The system should assure/control the quality of the information made available through the definition of approval workflows and revision of the information to publish.
CC2; CC3 and CC5.
R7.1. By the user profile and of the permissions that this has, the system automatically should authorize the publication or revision of the information that this intends to publish. R7.2. The system should generate an alert in the work area of the user responsible for the approval/revision of contents, when these are submitted for revision.
R10. The system should allow the easy publication of information stored inside of the work areas of the groups, for other users.
CC2; CC4; CC5 and CC9 (high integration between project teams and the project teams (this integration can be reached by the communication of objectives and tasks of the teams, work plans, accomplished adjustments, etc.)) R10.1. The manager of each project and/or the coordinator of the unit will be the responsible for to define who has access to the several types of contents published in the system. R10.2. The access to the contents published should be based on users profile (each profile will allow to define that each user can see and to do).
this becomes still more evident. Not forgetting that the structures team based represent the more recognized way of collaboration, it is however, very important the information sharing and communication among the several teams to guarantee the success of the institution, assuming in this task the actors that participate in more subgroups a fundamental role (the results of the analysis of n-clicks reveal that are the actors unit coordinators, area coordinators and responsible of project, the actors that participate in more subgroups). The clear predominance of the actors SIAC and RUPA in all accomplished analytical measures, denotes their importance at organizational level, being their functions ''unit coordinator'', followed by NAU and SURA, actors whose main function is ''responsible of projects.''
Evaluation of the collaboration in RDI-OU
Considering the values obtained through the social network analysis and the existent relationship among the analysis measures and the established collaboration criteria, it is presented in Table 4 an evaluation of the collaboration in RDI-OU, in other words, some results of phase 8 of SNetCol method are presented (see Fig. 2 ).
Collaboration requirements classification from the SNA results
In Table 5 , are presented examples (an extract) of the identified requirements for the development of a collaborative system and its classification in terms of degree of importance (low, medium, high) considering the results obtained in the previous section and the organizational knowledge acquired through the experience lived as members of the institution in study. This table shows some examples of the application of phase 9 of SNetCol (see Fig. 2 ). Table 4 Results of the evaluation of the collaboration in RDI-OU
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Collaborative criteria
Results of SNA Easy access and share of information in a coordinated way (through the attribution of responsibilities about information that is made available) (CC5)
The number of existent connections in the network, well as the value of density obtained reveals difficulty of access and share of information. Through the centrality measures it can concluding that are unit coordinators, project managers and secretariat, the actors with more easier access to the information, therefore that play more important roles in the share of information. The actors with more high values of in-degree centrality and betweenness are that who have larger access to the information, the actors with more high values of out-degree centrality and betweenness, are actors with facility of information share. The actors with higher values of closeness centrality are the actors that are closer of other actors in the network; these assume an important role for to facilitate the access and share of information in the RDI-OU. However, none of the centrality measures reveals very high values; the values of actors with higher results are close of 0,5.
Capacity to establish contact inside teams and among teams (CC1)
The low values obtained for density of the network reveal reduced communication potential among the collaborators of RDI-OU.
Support in the realization of tasks in group (CC7)
The values of closeness centrality obtained show that the need of mechanisms that facilitate the interaction among the several collaborators for these to execute yours tasks of collaborative way. It is verified strong connection among responsible of project and the elements of the respective team. But it is verified weak connection among the several collaborators. The density values obtained for the several subgroups reveal strong connection among the members that constitute the group, but need of mechanisms that support the interaction among groups.
Evaluation of IT systems options for the implementation of a collaborative information management system
A previous analysis of current IT solutions to implement collaborative information management leads to consider content management systems and wiki systems as natural candidates. Both types of solutions can be used for different purposes inside of an organization, given the enlarged range of functionalities that present, as it is possible to confirm through the varied implementations of both solutions (Pereira, 2005) .
From several comparison reports, and from the experience of this organizational unit, two open source applications were chosen: Plone as a CMS system and TWiki as the wiki system. Table 6 synthetizes the evaluation of these systems against the requirements derived from the SColNet method.
The detailed evaluation of the answer of the content management system (Plone) and the wiki system (TWiki), to the requirements specified for the collaborative information system to develop, allows the following conclusion: (1) TWiki can be characterized as a CMS given the characteristics that can be implemented through this. (2) Wiki systems present some limitations in the answer to certain requirements essentially due to the structuring lack and organization of the information. (3) Content management systems (Plone) possess workflow systems very powerful and flexible when compared with the wiki systems (Twiki). (4) Considering the search mechanisms, the wikis (TWiki) are much more limited than the CMS (Plone) (5) The contents edition using CMS can be very similar to the commercial word processors, allowing certain CMS the integration with these systems, contrarily to the that happens with the wiki systems, where the edition has to ARTICLE IN PRESS Table 5 Requirements classification of a collaborative system in RDI-OU
Requirements
Degree Justification R2. The system should make possible the collaborators search.
Medium
The facility of establishing contact inside teams or among teams and the localization of potentials collaborators for the problems resolution, task accomplishment or to constitute teams, are a collaboration criteria that can influence the success and efficiency of the project teams inside the R&D institutions. Considering the values obtained for the density of the network, closeness centrality and geodesic distance it is verified a reduced communication potential and proximity among the several collaborators of RDI-OU. This requirement can support the improvement of the referred criteria.
R5. The system should make available a mechanism powerful and flexible of search.
High
As can verify in Table 3 , this requirement is essential to support great part of the main collaboration criteria. Besides, considering the analysis of the network described in Table 4 that reveals little satisfactory results for any of these collaboration criteria, the importance of this requirement still increases more.
For besides the easy share and spread of the information for all inside of RDI-OU, it is equally important that guaranty exists as for the quality of the information that is made available. The facility of information organization and structuring at organizational and group level it can influence the quality of the same. Considering the values obtained for the maximum flow, that reveal weak organization and structuring of information in RDI-OU, this requirement shows to be high importance in the case of RDI-OU.
R7.1. By the user profile and of the permissions that this has, the system automatically should authorize the publication or revision of the information that this intends to publish. R7.2. The system should generate an alert in the work area of the user responsible for the approval/ revision of contents, when these are submitted for revision.
be made using a set of pre-defined formatting rules.(6) In CMS (Plone) the content edition is by default based in templates, being these defined according to the content type that we intended to edit. In the wikis the templates use is possible, being however necessary the construction of these on the part of somebody responsible for the structuring of the system. In the case of TWiki, the templates construction is based on tables. (7) For presentation and publication of contents the CMS allow the definition of specific areas for publication of contents considering the type of content to publish. In the case of the wikis all of the contents are published in the wikipages (HTML pages) and the user is the editor of the content, responsible for the place (wiki page) where the information will be presented. As the amount of information increases it becomes still more difficult to maintain the information easily accessible for all. (8) Although TWiki answers the great part of the presented requirements, the functionalities for this presented as answer, are more restricted than R5.2. The system should assure that whenever a content is created or stored in the system is associated this a set of metadata.
|
| / (allows the definition of approval and revision workflows, being the state of the document indicated in a table in the end of the wikipage, and are defined as set of users with permissions for approval and revision) R7.1. By the user profile and of the permissions that this has, the system automatically should authorize the publication or revision of the information that this intends to publish. R7.2. The system should generate an alert in the work area of the user responsible for the approval/revision of contents, when these are submitted for revision.
R8. The system should supply mechanisms that allow the easy edition and import of contents in the system, as well as the publication of these in pre-defined areas.
| / (Answers partially to this requirement, allows the templates construction based in tables, doesn't allow however that text is copied and paste directly of other text editors, due to the formatting rules, very limited when the structuring and organization of the contents publication)
R8.1. The system should possess a text editor with similar functionalities of the commercial word processing software. R8.2. The edition of any content should be based on templates. R8.3. The publication of any content should be mapped for specific areas of the system considering the type of content edited or imported. R8.4. The system should allow text to be copied and glue directly of other text editors, formatting it in agreement with the defined styles.
offered them by Plone. (9) The option by one or the other type of systems, is highly dependent on the number and profile of the users of the system and of the amount and type of information that intend to manage. The CMS offers an environment of collaboration that operates equally well so much for small as big teams. (10) The use of the wikis is more suitable for collaboration among a less number of users and for collaborative writing.
Conclusions
The approach of organizational analysis used in this work for analysis and specification of requirements, SNetCol method, based essentially on the application of the methodology of social network analysis, is revealed to have great applicability in the characterization of the collaboration, considering as starting point, criteria that define the ''best practices'' of collaboration. It makes possible to evaluate collaboration in an organization, offering information on the informal organizational structure that coexists with the formal one and that assumes an important role in the sharing of information and knowledge. It also allows also to determine who effectively collaborates with whom inside of an organization by identifying the ''weak points'' and the ''strong points'' of the collaboration inside of the institution and to classify in terms of importance the requirements of a collaborative information management system, leading to substantial improvements in the processes of managing and sharing information in a collaborative way. Table 7 Social network analysis measures
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Density
The density of a social network is the quotient of the connections that exactly exists among the network actors by the total of connections that could exist. It is an index of the communication potential among the parts of the network and, therefore, of the amount and types of information that can be exchanged theoretically (Palau, Montaner, & Lo´pez, 2004; Silva, 2003) .
Geodesic distance and diameter
The geodesic distance is the number of relations in the shortest possible walk from one actor to another. The diameter of a network is the largest geodesic distance in the (connected) network (Hanneman, 2001) .
Maximum flow
The maximum flow indicates the number of actors/nodes that allow to the source actor, by the direct ties maintained for him with your neighborhood, access alternatives to the target actor in the network.
Degree centrality Degree centrality is a measure which counts the number of ties an actor has. In case we are dealing with a network where direction of ties is important, we can distinguish among in-degree centrality and out-degree centrality. The in-degree centrality is the number of ties an actor receives. The out-degree centrality is the number of ties which begin in the actor (Palau, Montaner, & Lo´pez, 2004 Palau et al., 2004 .
Closeness centrality
In relation to the closeness, an actor is so more central as smaller the walk than he needs to travel to reach the other actors of the network. Measure, in last analysis, her independence in relation to the control of other. This measure proposed by Freeman (Hanneman, 2001) , also considers the indirect connections and sustains that the centrality is inversely proportional at the geodesic distance of an actor in relation to all other actors of the network. For direct connections it is necessary to do the distinction between in-closeness and out-closeness centrality (Soares, 2002) .
Betweenness centrality
The interaction between two actors not adjacent in the network it can depend on other actors that interpose among them. The betweenness centrality views an actor as being in a favored position to the extent that the actor falls on the geodesic paths between other pairs of actors in the network, if to play the role of intermediary in the interaction between those pair of actors (Hanneman, 2001 ).
For subgroups identification: n-Cliques
In a clique, all of the members have to have a direct connection with all other members of the group. So, in way to make this concept including, useful and general, the n-click concept appears, that it is defined as a maximum subgroup in which the largest geodesic distance among two actors is not larger than ''n''.
Relatively to the considered technological options, a CMS seems the most appropriate according to our analysis. However, both CMS and Wiki systems present high potential as solutions for collaboration and information management.
In terms of future work we have 3 main objectives: to apply the approach following in this work to different environmental and organizational contexts in the extent of the specification of information systems for collaboration and information and knowledge management; to develop a generic method of analysis and specification of requirements based on this approach, defining broader criteria, appropriate the any organization type; and to apply the following approach in this work to the development of information systems for collaboration, information and knowledge management inter-organizational.
Appendix A
The social network analysis is show in Table 7 .
Appendix B
Collaborative network RDI-OU (Fig. 3) . The names associated to each nodes represented in the sociogram are fictitious, in way to guarantee the confidentiality of the data. Table 8 presents the results of the analysis of the collaborative network of RDI-OU. Relatively to the centrality measures, it would be interesting to present the values of centrality of each node. However, as the network has a considerable dimension, only the actors with larger centrality values and larger centralization indexes in each centrality measures will be considered. It is important to remember that these values oscillate among 0 (periphery) and 1 (center). For the identification of the existent subgroups in the network the n-click concept was used. The chosen value for n was ''2'', in other words, were returned all actors cohesively united in the network for a distance equal or less than two geodesic walks. It is important to refer that for the identification of the subgroups were only considered the confirmed interactions by both the two actors involved. With the obtained results we tried to determine whose actors participate in more than a clique, evaluating the intervention degree and those actors and the weight in the institution, as well as their importance in the integration of the various teams. Table 8 Results of the analysis of the social network of RDI-OU
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Appendix C
SNA measures
Results of SNA Density The calculated density of the network is low, indicating that only 10.8% of the potential of relationships of the network are to be used. However, it is important to refer that, if the 18 collaborators that did not answer to the questionnaire had answered, that would contribute to increase the density of the network.
Geodesic distance and diameter
The mean geodesic distance is 2.208, it means that each actor needs 2 contacts on average to reach other in the network. The diameter of the net is 4, in other words, he maximum distance that separates any two actors in the net is 4. However, it can be verified through the map of the Fig. 1 the existence of isolated actors.
Maximum flow
The maximum flow of the network is 54, the medium maximum flow is 8.785, that means that each actor has 9 alternatives on average to reach other actors in the network. This is a measure of the efficiency of the network, therefore gives us the number of available walks for the exchange of resources.
Degree centrality Relatively to the in-degree centrality, the most central actor is SIAC (0.408), following by SARP (0.367) and SURA and RUPA (0.286). As for the out-degree centrality we have MAR (0.592), following by SOIA and RUPA (0.327). This measure presents in-degree index of centralization 30,61% and outdegree index of centralization 49.35%. This centralization index is a comparative parameter that it allows to evaluate the degree of total centralization of this graf, relatively to a referencial value based on the topology in star, which it is the graf model in that the centralization is perfect. For subgroups identification: n-Cliques
Closeness centrality
They were found 15 particularly united subgroups. It is verified that several actors belong to more than a group simultaneously. For instance, actor SIAC integrates all identified subgroups, actors RUPA and SURA do part of 14 of the identified subgroups, following by: NAU (12); OLOS and SGAN (11); PAS and DAM (9); RADE and OTIR (8); SESI and NOIA (6); RAU and ARES (5); LOLA, DAIA and MAR (4); SOIA, ALOC and ROLA (2) and finally AAAS, ALU, NOA, OAIP, UXA, GARI, PEL (1).
